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2344606 

WEULBORE CASING 
Cross Reference To Belated Applications 

This application claim* the benefit of the filing date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7A998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellboie casings, and in particular to 
weUbor* casings that are formed using eapandaMe tubing. 

Conventionally, when a weHbore is created, a number of casings are 
5 installed in the barbie to 
underired outflow of drfflmg fhiM 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed inalowcr borehole interval is lowered tlmnigh am 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the casing ofthe lower interval is of smaller diameter than the 

interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction, Cement annuli are provided between the outer 
surfaces of the casings and the borehok wall to seal the casm# 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costooto to heavy casmghand^ 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
i nc r eased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment dianges due to large variatkrasm 

20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weflbore* 

25 Summary of the Invention 

According to one aspect ofthe present invention, a method of forming a 
wellbore casing is provide 



In the borehole, injecting flui die material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole ftfjjftc*>nfr to th? already ATigHng ra<dng A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenahle fluidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole* 
Hie annular region between the tubular liner and the new section of the borehole 
10 is then fluididy isolated from an interior region of the tubular liner below the 
mandrel A nan hardenahle fhridic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing The mandrel is removed from the borehole* The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenahle fluidic sealing 
material is removed from the interior of the tubular liner. The remainin g portions 
of the iluidic hardenahle fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenahle sealing material within the tubular liner is removed- 

According to another aspect of the present invention, an apparatus for 
»Tp«Tir«Ti g a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operabiy coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member , a shoe, and at least one sealing member. 
The support member includes a first fluid passage , a second fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular me mber is pressurized and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, a^ 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fiuidk 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

Aixording to another aspei* 
lining an existing wellbore 

annular body of cured flmrtir iwliiigmaterial The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 

25 cured fluidfc sealmg material 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, atubular member aridashoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operalny coupled to the first fluid passage, an interior 
portion, and an exterior portion, lue interior portion of themandrdisdrfflable. 
Thetabiu^meinberisa The shoe is coupled totJwtubular 
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member. The shoe include* a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a veil borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG, 3 is ft fraglDTOtJMy rrnievap Haiwiid view illustrating the injection of a 

first quantity of a hardenable fluidic sealing material Into the new section of the 
well borehole. 

FIG. 3a is another fragmentary CTO8S- 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross- sectional view of a preferred embodiment of 
25 the apparatus lor creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing inr hifl fog a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. Sb is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croasnsectional illustration of a welJbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-eectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable t ab ular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fhndic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-wytionftl illustration of the pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional fflnatratkm of the extrusion of the tubular 
member off of the mandrel 

FIG. 1W is a cross-section^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expendible +™h«i«"» member 
WG. 11a is a fragmentary crosiwx^^ 
. new section of a well borehole. 

FIG. lib is a fragmentary cross-sec^ 
an embodiment of an apparata 
20 ofthe well borehole. 

FIG. 11c is a fragmentary crogs-aactioMl view ilhud^ttag the injection of 
a first cniantity of ahanie^ 
well borehole. 

FIG, lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole, 

FIG. lie is a fragmentary mm sectional view fflustratmg the injection of 
a second quantify of a hnrrleneMe flnfdir sealing material into the new section of 
the well borehole* 

FIG. llf is a fragmentary cro^ completion 
90 of the tubular liner. 
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Detailed Description of the mastrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of 8 wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the weDbore to be joined using an over lapping joint that prevents fluid 
and or gas passage. The apparatus and method Anther permits a new tubular 
10 member to be supported by an existing tabular member by expanding the new 
tubular member into engagement with the prating tubular member. The 
apparatus and method further w^™**** the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offof a mandrel by pressurizing 
jmH interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interk* portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pernut^ 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initially to Figs. 1-5, on embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As fflustarated m 

formation 105. The wellbore 100 includes an oxistnigcased section 110 havmg a 
5 tubular casing 116 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 126 is used in a well known manner to drill oat material from the 
subterranean formation 105 to form a new section 130. 

As illustrated m Fig. 2, an appaMtus casing in 

10 esubteirane«iformatkm 

100. The apparatus 200 prtrfjerah^y tnchuW im irrp^ky mfindrrJ or pig 205, a 
tubular member 210, a ih^ 
fhxid passage 230 f afhiMpa^ 
member 250. 

15 The e xpand able mandrel 205 is coupled to and supported by the support 

member 250. The expandable m a n d r el 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the ffxpandable 

disclosed in US. Patent No. 6,848,095. the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

He tubular member 2 10 is supported by the expandable mandrel 205. The 

25 tubular meinber 210 is expand^ mto 

expanda ble mandrel 205. The tubular member 210 in^ 
number of conventional commerdalry available materials such as, for example, 
Oilfield Country Tubular Goods (OCTQ), 18 chromium steel tubingteasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fobricated from OCTXJ in order to maxin^ The inner 

and outer diameters of the tubular member 210 may range, for example, from 
Bpprnximately0.75to^^ Inapreferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or dow down the mmdrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials! the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240, The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
tea c hin g* of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an ahiminnm down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 acco rdance wfth t h « teachingsofthe pnwmt diadogure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tab ular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 

s id e outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable finidlc seaUngmaterial into the 
region outside the shoe 2 15 and tubular member 2 10. In a prefer red embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ballBeaHng member. In this manner, the fluid passage 240 
can be optimally sealed oiRjym 
into the fluid passage 280. 
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The lovwoipeeal 220 is coupled to airi 
250. Hie tower cud seal 220 prevent* forei gn materials *h»m entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercially 
6 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SEP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup goal 220 comprises a SIP cupseal, av ai lable 
from Halliburton Energy Services m Dallas, TSmcide^ 
material and contain a body of lubricant 
10 The upper cup seal 226Ucoupledtoands^ 
250. The upper cup seal 225 prevent 

region of the tubular member 210, The upper cop seal 225 may comprise any 
number of conventional commercially available cup seals meh as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SEP 
cup, available fromHalHburton Energy Sauces in Dallas, TXm 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fiuidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandiel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surf^ to the bottom of the expandable 
mandiel2G5. fluid passage 230 is prrferabfy pa 
the apparatus 200. 

25 IieftuidpasBage230ispirferahfr selected, in the casing running mode of 
operation, to transport m at eri al s s uch as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3, 000 gaDonsteinute and 0 to 9, 000 
pea in order to minimize drag on the tabular member being ran and t« mfriimw* 
surge pressures exerted on the wellbare vAkheouUcanseatossofwdlbcmfli]^ 

30 and lead to hole collapse. 

Thefluid passage 235 penmtefluidk 
passage 230. In this manner, during placement of the app 
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new section 130 of the wellbore 100, fluidie materials 255 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby mfnimiTHng surge pressures on the wellbo re section 130. The fluid passage 
235 is coupled to and positional within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controUably minimise surge pressures* The 
fluid passage 235 is preferably po sitioned substantial^ orthogonal to l^centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidie materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDonafminute and 0 to 
9,000 pai in order to reduce the drag on the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to minimis surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidie materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidie 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 prefera^ 

shape that permitsaphig, or other aimflax device, to be placed in fluid pa 
to thereby block further passage of fluidie materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substa ntially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallonsAninute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new Bection 130 of the wellbore 
100 with fluidie materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive ■ dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fl uid passage 230 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tabular member 210. The seals 246 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular member 210 to be flnkUdy sealed The seals 245 may comprise 
any number of conventional conuaerciauy available seals such as, for example, 
10 le^nibber, Teflon or epoxy^ 

tb* present disclosure. In a preferred embodiment, the teals 245 are molded from 
StraAalockepoxy available ftrtm Han 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the easting casing 115. 

15 In a preferred embodiment, the seals 245 are selected to (jptmialryprorkk 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred enuiodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 Theaupport member 250 isempledto tubular 
member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably amuses an annular mem^ 

apparatus 200 into the new section ISO of the weDbore 100. In a preferred 
emlwdiment, the support member 250 further memdesoneormore conventional 

25 centraiizers (not Illustrated) to help stabflire the apparatus 200. 

In a preferred emb<>diment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member210. m thisnumner .theextniaion of the tubular member 210 off 
crftlie expandable rnandxel20fiwfaci^ Thetahric^mnmycmnpriseany 

30 number of conventional commercially available lubricants such as, for example, 
Lubriplaie, chlorine based h 

(3100). In a preferred embodiment, the bihricant 275 comprises Climax 1500 
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AntMeze ( 3 100) available from Climax Lubricants and Equipment Co . in Houston, 
TX in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
mmimizea the possibility of foreign material dogging the various flow passages and 
valves of the apparatus 200. 

In a prefer red embodiment, before or after posi t io ning the apparatus 200 
10 withm the new section ISO cfth^ 

circulated in order to ensure that no foreign materials are located within the 
weilbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As iDustratedin Fig. 3, the fluid passage 235 is then dosed and a hardenable 

fluidk sealing material 305 is then pumped from a surface location into the fluid 
passage 230, The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 ****** exits the apparatus 200 sad fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weilbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi andO to 
1,500 gallona/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weilbore sizes, weilbore section length, 
available pumping equipment, and fluid properties of the fluidk material being 
p umped The optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical methods. 

The hardenabk fluidk sealing material 305 may comprise any number of 
conventional commercially available hardenable flnidic sealing materials such afl, 
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for example, dag mix, cement or epoxy. In a preferred embodiment, the 
hardenahle £hndic sealing material 305 comprises a blended cement prepared 
spedficafly for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provMo optimal support for tubular member ^ 
5 while also Tnmntaininr optimum floweharatmgtirw an «p tA mmi^i^ difficultici: 
during the displacement of cement in the araular region 315. The optimum blend 
of the blended cement to preferably detemined using conventional empirical 
methods* 

The annular region 315 preferably is filled with the material 305 in 
10 «uffirimt quantities to ensure that, 

210, the annular region 815 of the new section ISO of the welfeore 100 win be filled 
with material 306. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tabular member 210 ia reduced in the 
16 region adjaanrt to the manilrel 205 m 

apparatus 200 in poaitiona in the wellbore with tight rieanmres. Furthermore, in 
tins manner, the initiation of the radial T n «"PTn of the tubular member 210 
during the extruaion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 306, a plug 405, or other aunilar device, is introduced into the 
fluid paaaage 240 thereby fluidicry isolating the interior region 310 from the 
annular region 315. fa a preferred embodhnsnt,anan^ 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise. In this manner, the interior of the expanded tubular member 2 10 will 
25 notc ontwin s i gnificant i mwm n t a of aired material 305. This reduces and anmlifiee 

the cost of the entire process. Alternative^, toe material 

this phase of the process. 

Once the interior region 310 becomes suffiaentty pressurised, the tubular 

member 210 ia extruded off of the expandable mandrel 206. During the extrusion 
30 prw^ the expandable mandrel 205 may be rsis^ 

the bandar member 210. In a preferred embodiment, during the extruaion 

process, the mandrel 206 is raised at ajipxoxbnatefy the same rate as tte 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. in an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introdiidng 
the plug 406 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 40 5 preferably acta to fhndidy isolate the harden a b le fhiidic 
10 sealing material 305 from the non hardenahle fluidk material 306 . 

The plug 405 may comprise any number of conventional coinmercially 
available devices from plugging afraid passage such as, for example JfaltipleStage 
Cementer (MSG) latch-down phig, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the t ea c h i ngs of the present disclosure- In 
15 a preferred embodim 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 40 B in the fluid passage 240 , a non hardenahle 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressure b 
and flow rates ranging, for example, torn approximately 400 to 
20 to 4,000 gallona/niin. In this manner, the amount of hardenable fhiidic sealing 
material within the interior 310 of the tubular member 2 10 is mhiimixed Ins 
preferred embodiment^ 

the non hardenable material 306 is preferably pumped into the interior region 310 

at pressures arid flow rates raiigm^ 
25 3.000 gallftpa fr™™ fa order to maximixe the extrusion speed* 

In a preferred embodiment, the apparatus 200 is adapted to minimite 

tensile, burst, and friction effects upon the tubular member 210 during the 

expansion process. These effects will be depend upon the geometry of the 

expansion mandrel 206, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the irmer diameter of the tubular member 210, the wall 

thickness of the tubular member 2 10^ 

of the tubular member 210. In general, the tmcto- the w^ 
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the inner diameter, and the greater the yield strength ofthe tubular member 210, 
then the greater the operettog pressurra required to ext^ 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion ofthe tubular member 210 
5 off of the erj>sndabfe mandrel vri^ 
310 reaches, for example, approximate*/ 600 to 9,000 pei 

During the extrusion process, the erpw ndfibl e mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 fVsec. Inaprdtetrfembodtaient,duTmgtbaextn^ 
10 process, the expandable mandrel 205 is raiaed out of the expanded portion of the 
tubular member 210 at rates rangli^ ft 

the time required for the expansion process while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular nienAer 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 116 to form an fluid tight overlapping joint. The contact 
pressure ofthe orerlappmg joint may range, for example, from approximately 50 
to 20,000 pat In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximately 400 to 10.000 pd m order to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial imitaon to accominodato^ 

The overlappingjoint between the section 410 of the existing casing 1 16 and 
the section285 of the expanded tubi^ 
26 and fiuidic seal InapartinilarfrpnrfBr^ ft.^^^;^ 
optimally provide a flnidk end gaseous aealm the overlapping joinL 



— . — — — s ofthe non 

ha*denabfefhudfcmeterial3^ 

mandrel 205 reaches the end l>ortion 260 of the tubular niember 210. In this 
manner, the sudden release of pressure censed lytba complete extrusion ofthe 
tulnilar member 210 off of the expendabfo in a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the and portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is fmnpJrteri, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 

20 2 10 ia then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably ajryrrnna mi ng cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 

30 annular layer 515 of cured material305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 includes one or more sealing members 605 and one or 
more pressure relief hold 610. In tibia manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
siirfaces of the tubular 

In a preferred embodiment, the sealing members 605 are seated wi thin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 members 605 are b<mded or molded oin^ 

260 of the tubular member 210, The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operattogpofeasaree required to 

the tubular member 210. This reduction in required operating pfeasurem turn 
15 reduces the velocity of the mandrel 205 upon the amptetion of the extrusion 
process. This reduction m velocity 

entire apparatus 200 upon the co mpletion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUbore preferably includes an 
20 expandable mandrel or pfc 

tubular member 715, a float shoe 720, a lower cup seal 726, an urjper an? seal 730, 
afluMpasi^735,afhn*pa 

750, an overshot connectio n 755, another support member 760, and a stabilizer 
765. 

25 ^ e xpand able mandrel 705 is coupled to and supported by the support 

member745. The expandable mandrel 706 is ftather courJed to the e 
mandrel container 710, The expandable mandrel 705 is preferably adapted to 
controDabry expand in a radial direction, The expandable mandrel 705 may 
comprise airy irambertf 

30 modifiedinaccordan^^ In a preferred 

embodiment, the expaiuiabte inandrd ^ 

substantial^ aa disclosed in US. Pat No. 6,348,095, the contents of which are 
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incorporated herein fay reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
S to the expandable mandrel 705. The expandable mandrel *y»ntjnrn>r 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, 0 ilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tabular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p r efer r e d embodiment, the tubular member 715 baa a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferabJy is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferahfy defined by the region 
beginning m the vicmity of the m^ bottom 825 of the 

5 tubular member 715. 

In a preferred embodiinen^ 
the tubular member 715 is greater than the waUthickneeceaof themtennediate 
and lower section* 810 and 815 of the tubular member 715 in order to optimally 
fariKate the initiatio n of the extrusion process and pptamalfr permit the apparatus 
10 700 to be positioned inlocationB in the wellbore having tigm^ctearancea. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, toexamnla,fttmiabotttl .0StA4ft iTw>h^ fp< j yg 
to 2 inches, respectively. In a preferred embodiment, the outer diam 
thickness of the upper section 805 of the tubular men0w716rangefromab(mt3^ 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2& to 50 inches and 1/16 
to 1-5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intennediate section 810 of the tu^^ 
20 from about 3.5 to 19 and 1/B to L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diame ter and 
wall th ic kn e ss of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
pi6fmnrfi embodiment, the wall thickness of the lower section 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
(billable materials such as, for example, aluminum are used. 

The tubular member 715 preferably com^ In 
30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or stow down the mandr el 705 «rhm it 
completes the extrusion of tubular mernber 715. In a preferred embodiment, the 
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length of the tubular member 7 15 is limited to minimizs the possibility of buckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes tha fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the crosa-eectioiial shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 far increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material B40 
comprises aluminum . 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-j e t guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubiilar member 715 and an existing we 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupkd to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 71 5 above the expendable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support mexnber 
760. The upper cup seal 730 prevents foreign material* from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
5 cups or Selective Injection Packer (SEP) cup modified in accordance with the 
teachings of the present d^actosure. Inaprefemxleinbo6^ 
730 coniprisea a SIP cup avails 
in order to optimally provide a debris barrier and co^ 

The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region of the tubular member 715 heW the ^p«^^if munrirri 
705. Tie fluid passage 735 is ftaidic^ The Quid 

passage 756 is preferably coupled to and posffioned with^ 
760, the support member 746, the mandrel oontaiiiftr 710, and the expandable 
mandrel 705. The fluid passage 735 prefers^ 
15 to the surface to the bottom of the expftnrfnble mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 pai in order to provide suffirieutope^ 
20 the tubular member 715 off of the expand a b le mandr el 705 

As descri bed above with reference to Pigs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbare, fluidic materials foiredup the 
fluid passage 735 caii be released into tn^ 

In a preferred embodim ent, the apparatus 700 farther includes a pressure release 
25 passage that is coupled to and positioned within the sup The 
pressure release passage is furt^ Tj^ 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated The 
30 pressure release passage is prefimb^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cenoent, drilling mud or epoxies at fto 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferabry has a cross-sectional shape that permits a 
plug, or other similar device, tote 

10 to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
opthnaUy fhiidicfy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferabry selected to 
convey materials such as cement, drilling mud or eposes at flow rates and 
pressures ranging from about 0 to 3,000 galloiis/minute and 0 to 9,000 pai in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further in clu de s one or more 

sea l s 846 coupled to and supported Iry the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional conimercially available seals such as, for example, teed, 
rubber, Teflon, or epoxy seals modified in accordance with the t e a chings of the 
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present disclosure. In s preferred embodiment, the seals 846 comprise sea ls 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existm* casing with optimally 
715. 

In a preferred embodiment, the seals 845 are selected to provide a s uffici ent 
frictional force to support the expanded tabular member 716 from the existing 
casing. In a preferred embodiment, the frictk.iialfcin»provMed by the seals 846 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expand ed tabular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 765. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
16 700mtoanew»ection<)fawellbore. Ihe soi^t member 746 niay comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, eoikd tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 746 comprises conventional drill pipe av ailable 
20 from various steel mills in the United States. 

In a preferred embodiment, « body of lubricant 760 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. Inthismamer.theextnisionoftte 
off of the expandable mandrel 705 ia facilitated. The lubricant 706 may comprise 
25 any number of conventional commercially available mhricants such as, for 
example, Lubrfplate, chlorine based lubricants, oil based hihrfcants, or Climax 
1500 Antiaiese (8100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1600 Antisiere (8100) available from Halhburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 
30 process. 

The overshot connection 765 is coupled to tb*auimortineiiu^ 745 and the 
support member 760. The overshot connection 755 pi^ 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Inneratring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, IX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section oft weHbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, ariled tubing or ^ 

niodifiedm accordance wto In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States, 

The stabilizer 765 is preferably coupled to the support member 760, The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling cf the timu^ The stabilizer 765 may comprise any number 

of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teach in g* 
25 of the present disclosure. In a preferred embodiment, tte 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the mtroduction of foreign material into the apparatus 700 
is mizmnized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before ox alter positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparahw 700 in c)idar to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion inandrel 705 durm^ 

In a preferred embodiinent, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 
10 Asillaatratedmr^8,mimal 

and apparatus described herein is used to repair an eristing waffle 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodtoent, airy number of fh^ 
16 materials can be used to erp^ 

the damaged section of the wellbore casing such as* for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the ttibular inemberin order 
to optimally provide a fmidic seal In an alternative preferred enibodiment, the 
20 tubular lining 810 is formed wi 
as tbiwe used to transport hy 

in an orerlappingrelationship with the iio>*nt pipeline section. In this manner, 

uno^rgzwindpipelmesca^ 

damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described hm^ is usedtodirecttyl^ ha 
preferred exnbodiinent, an ou 

the tubular liner 810a^ In the alternative preferred embodiment, 

any number offluidic materials can be used to expand tto 
30 mtmiato contact wito 
or drilling mud 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandable tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the d<»"g" and construction of the mandrel 906 
5 and shoe 908 permits easy removal oftlioae elements by drflliog them 
manner , the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-section. 

In a particularly pi eferred embodiment, an errwndahla tubular member 915 
b coupled to the upper portion 910o During 

15 operation of the apparatus 900, the tubular member 9 15 is preferably extruded off 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanicat properties as the tubular member 902. 

25 ma particularly prefer 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular mem b er 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end* 
In a preferred embodiment, the upper end portion of the tubular member 

30 916 includes one or more sealing members for optimally pnrriding a fluidic and/or 
gasecro seal with an existing a 



In a preferred embodiment, the combined length of the tabular members 
902 and 9 16 are limited to minimize the possibility ofbuckhng. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the 

the shoe 908 by a threaded connection 968, The intermediate portion 912 of the 
tubular member 902 preferably ia placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available material* audi as, for example, oilfield 
tubular*, low alloy steels, titanimn or atainleas steels. In a preferred embodiment, 
the tubular member 902 ia fabricated from oilQeld tubulari in order to optimally 
provide approximately t he same mechanical pro p e rti es as the tubular mftwyfuff 
In a particularly prefer 
15 point ranging from about 40,000 to 136,000 pal in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

TbB wall thickness of theupper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.6 
inches. In a preferred embodiment, the wall thickness of the upper, intermediate, 
20 and lower portkina,910 > 912 and 914of 

1/8 to L26 in order to optimally provide waUthicfaeas 

the tubular member 915. In a preferred enibodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of^ 910 f 912 

and 914 of the tubular member 902 may range, for example, from about 1 .05 to 48 
niches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range fr^ 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubular*, 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of mbricant 

The tubular member 902 may comprise any number of conventional 

5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a pr e fe rred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a p re f erred embodiment, the t^ulariiigniber 915 comprises 
Oilfield Country Tubular Goods available from various US. steel mills. 

The various elements of the tabular ineinber 902 niay be coupled ushig any 
number of conventional process such as, for example, threaded connections, 
w elding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tabular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded collections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 9 1 5 may comprise a ptanilityrftubuto 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstriiig adapter 916, 

a fluid passage 918, an upper guide 920, and a counting 922. During operation of 
the apparatus 900, the supi* 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for e rample, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 

to Optimally provide high yfoM utrangth 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Tte fluid passage 918 is preferab 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 96SL In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardapsMe fhririic sealing materials to and from the 
appara±us900. Inaperfod arfrp ie ta ^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 

15 the apparatus 900. hi a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardeoahk flnidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an tipper portion of the support member 
904. The upper guide 920 preferably is adapts 

20 within the tabular member 9 Tlaupper guide 920 may comprise any number 
of conventional guide members modified in accordance with the fa****™^ ft f the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
hmersb^adapter available fro^ 

to optbnalfcr guide the apparatus 900 within the tubular xnember 915. 
26 Wxe coupling 922 couples the support The 
coupling 822 prefaahfr comprises a conventional threaded rm.Tt^ ftn 

The various elements of the support member 9W may be coupled using an^ 
number of rarventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections, 
Theinandrel906pref^fy 
expansion cone 928,alower«^ 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the fabricator mandrel 946 r hibricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
hibricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign ipntjwt »1« hitn jhe interinr region 072 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
su rfac e of the tabular members 9Q2 and 915. The lubricant may comprise any 
n umber of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 AntiseLte 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to op timally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the tower cone retainer 930, the bc<ry 
of cement 932, the lower guide 934, the extension sleeve 936, tte 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a prefer re d embodiment, axial movement 
of the expansion cone 928 is prevented by the 
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and the upper cone retainer &44. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 pnder^ 
5 The outside diameter of the expa^ 
a cone shape* The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred einbodiment, the wall 
thickness of tlie expand 

to optimalfr provide adequate compressive strength with minM materi al The 

10 maximum and minimum outajde diameter s «fth« ggpmrfi^ mti« ova m<y i^pg^ 

for example, from about 1 to 47 indies. Inafmsferralembotf 

and Tnfnrmum outside diameters of the expansion cone 928 range from about 3.5 

to 1 9 in order to optimally provide expansion of generally available oilfield tubulars 

The erpnnmon cone 928 may be fabricated from any number of con ventional 

15 commercially available i n ateri al a such as, for example, ceramic tool steel, titanium 

or low alloy steel In a preferred embodiment, the ^p^sim, cone 928 is fabricated 

from tool steel in order to optimally provide m^iitrrngtharri 

The surface hardness of the outer surface of the expanse 

example, fromaboutEOBockw^ lnap ^ e ^ cmbodi2 ^^ 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 

about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 

strength* In a preferred embodiment, the expansion cone 928 is heat treated to 

optimally provide a hard outer surface and a resilient interior body in order to 

optimal^ provide abrasion resistance and fractore toughness. 

25 The lower cone retainer 930 is coimW 

housing 940, fa a preferred embodiment, axial movement of the expansion cone 

928 is prevented by the lower cone retainer 930. r^efarably. the lower cone 

retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventionale™^ 

steel, ttominm or low alloy steel In a preferred wnbodment, the 

retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone re tainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hnrrtnfffl of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower rmv retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient Interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an mte# 

of components and increase the overall strength of the apparatus, Hie outer 
surface of the lower cone retamer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior oftheniandrel 906. 

15 The body of cement 932 provides an toner bearing structure for the mandrel 906. 
The body of cement 932 further may be easitydriUedoiifcuamgaconvOTaonaldriD 
device. In this manner, the mandrel 906 may he easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 cttinmercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, crrmpogit.fi, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular croasr 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 Duringoperation of the apparatus 900, the kmer guide 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 maybe fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fab ricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 984 Jtt^erabfy mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

llie extension sleeve 936 is coupled to the lower guide 934 a^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension aleerc 936 p 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alky steel or stainless steel In a prefer r e d embodiment, the 
10 extension sleeve 936 is fabricated 

highyieM strength. The outersirfaceof the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide « sliding fit In a 
preferred einbodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably indud^tta 

tube 960 of the shoe 908. In this maimer, a phtg or d 

surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer QM *»« » -"*"*«™»TnT»y ftnrmlrtr from occtiorL 

The spacer 938 may be fabricated from any number of conventional 

comnierdally available materials such as, for example, steel, ataminum or cast 

iron. In a preferred enibcdiment^ m 

order to optimally provide drillability . The end of the spacer 938 preferably mates 
25 with the eiMi of the extension tube In a preferred embcJiment, the spaow 

938 arid the sealmg aleere 942 are f^ 

toreohicetiwrnmberofo 

The hmiaing 940 is coupled to 

expansion cone 928, body of cement 932, and lower cone retainer 930. During 
K> opexatkmoftheaiipare^ 

motion of the expansion cone 928. Prefenm^,tl» housing 940 n^ 

annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece dement in order to mirtrmifp the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 indodes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the Bealing sleeve 942 preferahry provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferahry, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide driHability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliflte the connection between the 
sealing sleeve 942 and the body of cement 992. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minim ixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferahry, the upper cone retainer 944 has a s ub stan t ial ly annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials audi as v for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide drillability of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper co ne retainer 944 has a 
cross^ectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-ebaped to provide increased rigidity and minimise the 
10 amount of material that would have to be drilled ouL 

The fabricator mandrel 046 is coupled to the retamer 924, tte 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably , the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodhrient, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimaBy provide driHabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, th^ 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 92a Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to opthnauy provide driDability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b ere provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any cumber of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillabili ty of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hard enable fluidic 
materials. In a preferred embodiment, the Quid passage 952 is positioned about 
the can terline of the apparatus 900 . In a particularly preferred embodiment, the 
Quid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gaUonsVmin in order 
to optunafly provide pressures 
the installation of the apparatus 900. 

The various elements of the mandrel 906 inay be (^pled uaingany nuniber 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, ths various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the boty of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the fntnirirm and positioning of the tubular member 902. 
Preferably, the homing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials audi as, for example, steel or aluminum. In a 
5 preferred emb odimen t, the housing 954 is fabricated from ahnninum in order to 
optimally provide drilkbflity of the housing 954. 

In a particularly preferred frnihodmrnnt, the interior surface of the housing 
954 includes one or mora pretniakma to facfliate Mi* m*™^^ between the body 
of cement 956 and the housing 964, 
10 Tliebocfrof<»nent9«^ 

958. In a preferred -embodiment the compomt km of the body of cement 956 is 
selected to penrA the body of ceinan^ 
drilling m«r4vrn<Mi mA pro cesses . 

The composition of the baiy of cement 966 may include any number of 
16 conventional cement compositions. In an alternative embodiment, a (billable 
material such as, for eMmpl^ 
of cement 956. 

The sealing sleeve 958 ia coupled to thebo6Vofcement956,theextenmon 
tube 960, the OuM passage 962, and om^ During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable iluidic material from the flnid passage 952 into the fluid passage 962 
and then into the outlet jete 964 in o 

into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 958 further 
25 nuJudeeaninte^ 

lodged in the iiik* of the sealing In this manner, the fluid passage 962 

may be blocked thereby ftaidfcfr isolating tte 
member 902. 

In a preferred embodiment, the sealing aleeve 958 has a substantially 
30 aimtxlarcrwsectkm. Tto 

of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
Inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidiery isolathig the interior region In 
a pr eferred embodiment, one end of the ex t en s u m tube 960 mates with one end of 
the spacer 938 in o rder to optimally f acihate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
eiuiular cross-section. The extension tube 960 may be fab ricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fab ric ated from p^^n^i^ m order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fiuidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fiuidic materials at pressures and flow rate 
rangir^n^alxmt0to9,(K)0psiand0to3,00^ gaUonsvtomonier to optimally 
provide fluids at operationally efficient rales. 

30 The ontletjets 964 are coupled to 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fiuidic material from the fluid passage 962 



to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 inclndes a plurality of outlet jets 964. 

In a preferred embodiment, the cnit^ 
the hollaing 954 and the body of cements 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process each as> for example, threaded connections, cemen t or 
inachmed from one jiece of material. In a preferred enmodiment, the various 
el eme n t s of the shoe 908 are coupled using cement 
10 In a preferred embodiment^ the assembly 900 is operated substantially ma 
descrfoed above with reference to Figs. 1-8 to create a new section of casing hi a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known maimer to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weflbore. In a particularly 
preferred embodiment, the apparatus 900 inchides tiietubiilar member 915. Ina 
preferred embodiment, a hardenable £hudic sealing bardenable fluidic sealing 
20 material is then pinnpri The 
bardenable fhikftrOT 

interior region 966 of the tubular member 902 below the mandr el 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidk sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior 

weflbore. Continued pumpingof the hardenable fhmlic aealmg material causes the 
material to fill up at least a portion of the annular region. 

The h a r d e n able fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for eran^^ 

5,000 psi and 0 to 1^00 gali^^ In a preferred embodimen t, the 

hardenable fluidic sealingma^ 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the haidenable fluidic eealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically fee the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filted with hardenable material. 

20 the annular ™pinn h«« ***** ftrffltpmtefr filled with hardenable flnidic 

•waling material, a plug or dart 974, or other similar device* preferably is 
introduced into the fluid passage 962 thereby flaidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by intxwku^ the ph2g or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 9 15 

30 is minimkecL 

Once the interior region 966 becomes sufficiently pressurizecs the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may bo expendible. During the extrusion process, the mandrel 906 
is raised oat of the expanded portions of the tubular membera 902 and 915 using 
the support member 904. Itaiikg this exbmskm process, tte 
substantially stationary. 
6 Tbe plug or dart 974 is preferably placed into the fluid passage 962 by 

mtrodudngthephigordart974mtothafi^ 

a conventional manner. The plug or dart 974 may comprise any number of 
conventional cormnerdalh/ available devices for plugging a fluid passage sucb as, 
for example, Multiple Stage Cementer (MSC) latch-down ptag, Chnega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. La a preferred embodiment, the plug or dart 974 comprises 
a MSC latch-down phn; available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 986 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 pai and 40 to 
3,000 gaUons/mmm order to optinuu> 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the ulterior region 966 reacbeaapproiiinab^SM to 9,000 pai. In a preferred 
embodiment, tbe extrusion of tbe tubular members 902 and 9 15 offof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 6,500 pai with a flow rate of about 40 to lgfin gaiionofaii^.^ 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp anded portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. Inapreferredemhodnnent f durn^ 
process, the numdrel 906 is raised out of the exr*nded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
30 p*rnutfufl expansion of the tubular m 

hardenable fhtidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation a preve nte d. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular meinber 
915 will preferably contact the interior surface of the lower end portion of the 
^Hptir>g casing to form an fluid tight overlapping Joint, The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psl In 
a preferred embodiment, the contact pressure of the overlapping jo int between the 
upper end of the tubular member 915 and the existing section of weUbore casing 
ranges from approximately 400 to I0 r 000 psi in order to opt imall y provide contact 
pressure to activate the sealing members and provide optimal resistance such that 

10 the tubular member 915 and existing weflbore casing wiUcaj^ 
compressive loads* 

In a pr e f erred embodiment, the operating pressure and flow i^te of the non 
hardenable fluidic material will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be ininimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process begmnmg when 
the mandrel 906 has *™npw*<1 approximately all but about the last 5 feet of the 

20 extrusion process. 

Inmarternatrveprefcred 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minunixe shock. 

25 Alternatively, or in combination, a shock absort>er is provided in the support 

mernber 904 m order to absorb the shock 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

theweUbore. In a preferred embodiment, eit^ 

mandrel 906. the integrity of the fluidic seal of the overlapping joint between the 



upper portion of the tubular member 915 and the lower portion of the costing 
casing ifl tested using conventional methods. If the fluidic aeal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable Onidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenahfe fluidic sealing material 
within the annular region between the eiparaded tubular member 915 and the 
existing casing and new section of wellbow is then allowed to cure. 

Preferabb/ any remaning cured hardenable fluidic i«a1in g material trithin 
10 the mterior erf the expanded t!!bnl» 

conventional maimer lumig a conventional drill string. Tb« resulting new section 
ofcasb^prefenmh7tocbai»theexpa 

outer annular layer of cored hardenable Onidic sealing material. The bottom 
portion of the apparatus BOO comprising the shoe 908 may then be removed by 
15 drilling out tbe she* «)8 usmgc^^ 

In an alternative erabodiment, during the extrusion process, it may be 
t«;cessaiy to remove the entire apoaratusSM 

toainalfimction. In this circumstance, a conventional drfflsti^ is used to drill 
«t the interior sections of tta 
20 the remaning sections. In a prefen^ embodiment, the inters 

apparatus 900 are fabricated ^mabui&mu&aB,tm enm^cem***** 
aJununum, that permit a wmventionaldrul string to be en^ 
Interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of tba mandrel 908 and sh^ 

cement 932, the spacer 938, the sealing sleeve 942, U» upper cox»nrtamer 944, 
the hmricator mandrel 946, the lubricator sleeve 948, the gui* 
954, the body of cement 956, the sealing deeve 95e\ and tte extension talie 960. 
are selected to permit at least some of these componenta to be drilled out using 

30 conventional drilling methods and apparatus. In this manner, In the event of a 
nuutanctkm downhole, the apparatus 900 may be easily removed from the 
wellborn. 
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Referring now to Figs. 10a, 10b, 10c, 10d\ lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a weUbore will now be described As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first rawn g 1004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by «*p«"Hiii g B tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-ll£ 

10 In a particularly preferred embodiment, an upper portion of the tabular 

liner 1012 overlaps with a lo wei portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhndic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig, 10b, in order to create a tie-back liner that extendB from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The erpnTidahle mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance In a preferred 

embodiment, the expandable mandrel 1105 comprises a hydraulic ex p ansio n tool 
substantially as disclosed in UJS. Pat. No* 6,348,095, the disclosure of which is 
incorporated herein by reference ^ 
present disclosure. 

30 The tubular member 1 1 10 is coupled to and supported by the expand a ble 

mandrel 1105. The tabular member 1105 is expanded intheren^dn^cticmand 
extruded off of the expandable mandrel 1105. The tubular member 11 10 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chroTninm tubing orgiastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods, 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
5 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameter* of the tubular member 
1110 range from about S to 15 J5 inches and 3^ to 16 inches, respectively in 
to optimally provide coverage for typical oilfield casing sisea. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the npper end portion of the tubular mmh^r 

1110 is slotted; perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimize the possibility of buckling. For typical tubnlar member 1110 material^ 
15 the length of the tubular member 1110 is prtiferably limited to between about 40 
to 20,000 feet in length. 

The shoe 111$ is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116includes the fluid passage 1135. The shoe 1115 may 
c ompri s e any number of conventional commercially available shoes such as, for 
20 example, Sur^Sesinfloats^ 

with a sealing sleeve for a latch down plug in accordance with the 

teachings of the present disclosure. In a p r ef erred embodiment, the shoe 1115 
comprises an aluminum down-jet g^ 

plug with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tabular inember 1100 and 

isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling oat of the shoe 11 1 5 after completion of the 
30 eipansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidk comrmrnfeation with the fluid passage 1135. In this manner, 
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the shoe 11 15 kyacts hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can recerve a dart and/or a baB sealing member. In this manner, the fluid passages 
5 1 140 can be sealed off by introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. Therapies! 

10 1120 may comprise airy number of conventional commercially available cup seals 
such as. for frrnmnlfv TP eupaor SelactivB Imaction P^Aar fflm ertptt m**Kn*A Ir, 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel HQS. The fluid passage 1130 

20 preferably extends from a position adjacent to the aurmce to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centertine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flnidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular meniber 1110 below the mandrel 1105. 
The fluid passages 1 140 permits flnidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fhiidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1106. Hie fluid passages 1140 preferably have a cross- 
sectional shape that pennitsaptug, or other snnilar device, to be placed in the fluid 
passages 1140 to thereby block farther passage of fluidic materi als. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fhiidicly isolated from the region exterior to the tubular 
member 1105. TMspermito the interior region of the t^ 
the expandable mandrel 1105 to be pressurized. 

The fluid pafiBagBaU40areprefersblypositicmed along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such aa cement, d rilling mud or eposes at flow rates and pressures ""»p"g ffatn 
about 0 to 3,(XI0g»l W mmu t eand0 to 9,000 pat to order to cpthnalry fill the 
annular region between the tubular member lllOa^ 

fluidic materials. In a preferred embodiment, the ftaid passages 1140 mcbda an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
16 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative enibodWnt, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 UiatiBad>Dtedtorecerveaplug, 
20 or other sinmardevira, to permit to 

to be fluddiebr isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further posffioiied on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjoint between the upper end portion oftheaaing 1012 and tl» lower 
end portion of the tabular member 1110 to be fmidudy sealed. 

The Beals 1145 may comprise any number of conventional commercialry 
available seals such aa, for example,^ 

in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals U45 comprise Bffllsm 
from HalhTmrton Energy Serv^ 
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hydraulic seal in the ovciiapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient friction*! force to support the expanded tubular member 1 110 from the 
5 tubular liner 1008. In a p r eferred enibodixnent, the frictions! force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1106, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellborn 1000. In a preferred embodiment, the support 
member 1150 further inc lu des one or more conventional eentrafisers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1106 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
oil of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricant* or Panax 1500 Antiaeize (8100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3 100) available from Qimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 iaminimiied. 
This wmnlmiM^ the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1 100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 mem des a 

30 packer 1155 coupled to the bottom Ejection of the shoe 1115 for fhiidkly isolating 
the region ofthewellbore 1000 below the apparatus 1100. In this manner, fhudk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, IX In an alternative embodiment, a high gel strength pill may be set 
below the tie-back in place of the packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign mater ials are located within the mflbora 1000 that might 
clog up the various flow passages and vahves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hnrdenable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105, The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular Uner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galkms/min, respectively. In a pr 

into tte annular region at pressures and flow rates specifical^d for the 

casing sizes being run, the annular spaces being fill ed , the pumping equipment 
available, and the properties cf the fluid being pumped. Hie optimum flow rates 
and pressures are preferably calculated using conveatkmd 

30 The hardeimblefluidk sealing n^ 

conventional commercially available hardenable flnidic sealing materials audi as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 



hardenable fiuidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the anrmlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110 v the 

10 tt V Tx<n\*r region wul be filled with material 1 160 . 

As illustrated in Fig. lOd, once tthe annular region has been adequately filled 
with material 1160, one or more plugs 1 166, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby Ouidicly isolating the interior 
region rfthe tubnlarmember 1110 

15 member 1110. In a preferred embodiment, a nonhardenabtefluidicmaterialllSl 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugB 1166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fiuidic 

20 material In this manner, the amount of hardenable fiuidic material within the 
interior of the tubular member 1110 is minimized 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
mtroducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
conimerciaUy available devices from plugging a fluid p assage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 coimTrise a ain^ latch down dart 

After placement of the phigs 1165 in the fluid passages 1140, the non 
6 hardenable fhiidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approarimatery 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred e mbodi m e n t, after placement of the plugs 1165 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the 
10 interior region rf the tubular member mo below tl» 

and flow rates ranging ftom approximately 1200 to 8500 psi and 40 to 1250 
gallonVmin in order to optimaUy provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the e xpandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1 1 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mand rel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1 105 reaches approxiinater/ 1200 to 8500 paL 
20 During the extrusion p 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular mimberlllOetr^ 
25 provide permit ad^istoient of operation 

the extrusion process wfll be cmnpkted before the im 

Inaprefb^rmborifiT^ 
1110 haaaamternal dlamete 
In this inanner, when the mandrel U 
30 member 1110, at laa^ 

at least the weffixm casing 1012, Inapartica Ui^ p r efe rr e d embodiment, the seal 
is effected by compressing the seals 10 16 between the expanded section U60 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pri in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an mterriai diameter leseUmn^ outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
~ P»™iffH tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the ex pa n de d tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
r eaches the upper end portion of the tubular member 1110, In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minhnixed - In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 

Alternatively, pr m rnmbiri rt*™" , ■ nhmwhaar bi provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105* 
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Referring to Fig. lOf, ooce the extrusion process is completed, the 
expandable man drel 1106 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal afth* expandable mandrel 1105 t 
the integrity of the fluid* seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhtfdfc seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member lllOis then removed in a conventional manner. The 
10 material 11» within tte 

the tubular liner 1 008 is then allowed to cure. 

As illustrated in Kg. !(£ preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventi onal manner osmga conventional drill string. The resultingtie-back liner 
15 ofcasing 1170 includes to 

layer 1176 of aired material 1160. 

As illustrated in Kg. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly rxefenedembo^ incorporates 

the apparatus 900. 

Referring now to Figs. 1 la- 1 If; an embodiment of an apparatus and method 
for hangings tubular liner off of an existing weUbore casing will now be described 
As illustrated in Kg. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbon> 1200 ind^ 
a tubular casing 1216 and an annular 

In order to exterd the wellbore 1200 mto 
a drm string 1226 Is used in a wdl kncro 
subterranean formation 1205 to fora a new section 1230. 
30 As illustrated m Fig. ^ 

in a subterranean formation is then positioned In tb^ new 

weUbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controilably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in ILS. Fat No. 5,348,095, the disclosure of which is 
inc or por at ed herein by refarmc*, modified *f*wrA*nr* with th» teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tabular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expendable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred enibodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectivery in order 
to opthnalfr provide rafafm«l telescopingeffect ™ the m^^wnwwiy encountered 
wellbore sizes. 

25 In a prefer r ed embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1380, and a lower portion 1365. In a 
preferred embodiment, the wall ttu&nesa arid outer diameter 
1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 V* to 
16 inches, respectively. In a preferred embodiment, the wall thirlmess and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer dintneterof the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tubular mento 13X0 is less than or equal to the 
5 wall t h ickn e ss of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally fadliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiinent, the upper e 

is slotted, perforated, or otherwiae modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super Seal H Down-Jet float shoe or guide shoe whh a 
gealing sleeve for a latch-down pfa g modified in fl^^wiA teachings flf 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latchnd own plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepresent disclosure, in order to optimally gnide the tubular ciemb^ 
1310 into the wellbore 1200, optimally fluidicty isolate the interior of the tubular 
member 1310, and optimally permit the complete dxffl out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 13 15 further includes one or more side 

30 outlet porta in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 13 15 preferably mjects hardenable fluid ic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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. shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fhiidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fhiidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305, The fluid passage 1320 is preferably portioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galions/minnte and 0 to 9 V 000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block ftirther passage of fluidic materials. In thia manner, 
the interior region 1370 of the tubular member 1310 below the exp a nd a b le 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurised The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally flll the annular 
regionbetween the tubular member mO and the new section 1230 of the weflbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 



-56- 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 cm be sealed ofif by introducing 
and/or ball sealing elements into the fluid passage 1320. 
The fluid passage 1336 permits Ihiidic material 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is counted to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantial^ along the centerline of the apparatus 1300. The fluid 
passage 1336 is |>referah]y selected to convey materials such as cement, drilUng 
10 mud or epoxias at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute «*d 0 to 9,000 pal in order to optimally fin the annular region 
betwea the tubular member 1310 an^ 
with fluidic materials. 

The seals 1340 are coupled to and smarted by the xijmerezKipc^nl^ 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the orolappingjomt between the lower end portion of the casing 1216 and 
the upper pcalic^ 1355 of the sealed. The 

seals 1340 may comprise any number of conventional mmmmrifllly A^il^u* 
20 such as, for example,]^ 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Servkesm Dallas, TXmord^ 
mnulustftheoverian^ 
26 to withstand typical tensile and compressive loads. 

Ina preferred emhc^hment, the seals 1340 aMseleoted to optiniaUypro^ 
asufficientfrictional force 

existing casing 1215. In a preferred einbodaneirt,thefd 

the seals 1340 ranges from about 1,000 to 1*000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 
5 Inapreferred embodiment, the support member 1846 w 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embc>diment l before or after positioning the apparatus 1300 
within the new section 1230 ofthewellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c, ahajxteiiablefluidic sealmg material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the Quid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1330 then exits the apparatus 1300 via the 
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fhrid passage 1336 and fills the annular region 13S0 between the exterior of the 
tulralar member mo and ti* 

1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,600 gallon «/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to S000 psi and 0 to 1,500 gallons/mm , respective^, in order to optimally 

10 fill the axnralarregi^ 

of the wellbore 1200 with the hardenable fluidk seeling material 1380. 

The hardenabte fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drffled and available 

Services in order to optimally provide support for the tubular member 1310 during 
disnlacementofthe material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient o^iaiititra tubular member 

mo, the annular region 1390 of the new sert 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adep^tety 
25 fuled with materially 

into the fluid paesage 1320. The wiperdart 1385 is preferabry pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 
AsilhistratadinFig. 
30 wiper dart 1395 with the vriperp^ 

from the mandrel 1305. The wiperdart 1395 and wiper 
wffl lodge in the fruH passage ^ 



passage 1330, and fiuididy isolating the interior region 1370 of the tabular 
member 1310 from the annular region 1390, In a preferred embodiment, the non 
hardenabk fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandabk mandrel 1305. DuTmgtheextruatonr 

1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introduchig the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional cominerdal^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latdwlown phigB 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. In a pr e fer red embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350, The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 usingthe wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
app roximat ely 0 to 6000 pel and 0 to 1,600 galtons/min in order to optimally 
extrude the tubular niember 1310 offof the mandrel 1305, In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310isminimixecL 

In a preferred embodiment, ar^ 
hardenable fluidic material 1381 is preferably pumped into the interior region 
137 0 at pressures and flow rates rangmg n^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintain th« expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psi Ina 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fraction of the tubular member diameter, wall 
thickness of the tubular member, geometry of ^ 

the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate andopexatingpresmzresarepreferabfy 
determined using conventional *™pmral ^-tJwyfc 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

cut of the expended portion of the tubular number 1310 at rates ranging for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised <mtofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper aid portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
20 1355 of the tubular mainbCTm^ 

lower end portion of thecal ^ 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL Inapreferitriembo^ 
<rf the overlapping joint ran^ 
25 optimalfyprovide contact pre^ 

enough resistance to withstand typical tensile and compressive loads. Ina 
particuiarry preferred embodiment, the sealing members 1340 will ensure an 
a de q ua te fluidk and gaseous seal in the overlapping Jrfnt 

In a preferred embodiment, the operating jh^ssutb and fkm rate of the ncm 
30 haroenablefluidicmaterial^ 

mandrel 1305 reax^ the upper end p^ 
In thia manner, the sudto 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure ia reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or hi combination, a mandrel catching structure is provided 
10 m the upper end portion 1355 of th^ 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1306 is 
removed from the wellbore 1200. In a preferred fmihodmmt, either belbreorafter 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 13 10 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is mtiafactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 if» then mntyvrd in e ^T"*™t*™»^ mmm** The material 1380 within t he annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removedbydWumgoiut 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that includes festaBinga tabular liner and a mandrel 
in the borehole, A body of fluidic material is then mjected into the borehole. The 
tubular liner is then radially expanded by ertroding the liner off of the mandrel 
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The injecting preferably includes injecting a hardenable fhiidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenahle Qoidic material into an interior region of the 
tabular liner below the mandrel. The method preferably includes fluididy 
5 isolating the annular region from tbemterior region before mje^ 
quantity of tha nan hardenable sealing material into the interior region. The 
injecting the hardenahle fiuidic sealing material is preferably provided at 
operating pressures and flow rates ranging framaboutOto5000priand0to 1,500 
gaBonsAnin. The injecting of the non hardenable fiuidic material i* preferably 
10 provided atoperatingpressures and flowratesranglngfromabout500to9000ps 
and 40 to 3,000 ga l lnnVmfn The injecting of the non hardenahle fhridic material 
UiJrefeiabry provided at reduced operatic 

portion of the extruding. The non hardenable fluidk material is preferably 
injectedbelowthemandreL The method preferably inchidesp 
16 ofthfituDularlmarbi^theniandreL Theragionof the tubular liner betow tto 
mandralisp^erabh/inesinnMedtorflessnr^ 

The method preferabry mdudes fluidicly iaolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further jw^erabry 
includes curing the hardenable sealing material, and reinovmgrf 
20 ofthe cured aealingrnnterial locate withm The method further 

preferabry includes ororifo^ 

The method farther preferably includes sealing the overlap between the tabular 
^^^ eri ^TOllbare casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing weUbore 
26 casing. The nurthc^ further preferuW 

the overlap between the tubular liner and the existing weUbore casing. The 
inetbnd further pnrferab^ 

fhttokseaungmaterialwh^ Tbemethodfurther 
preferabtyiMdudes lubricating tte The nietixxl further 

30 preferably includes abaorbing ahoct The method further rjreferably uadudes 
catching the mandrel upon the completion of the extro^ 
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An apparatus for creating a caring in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel ie coupled to the support member and uichidea a second fluid passage. 
5 The Uibular member is coupled to the mandreL The aboe is coupled to the tubular 
liner and includes a third Quid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably injuries one or more sealing members 
adapted to prevent foreign material fir^ 

member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively- The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135.000 pat The tubular 
member preferably includes one or more sealing members at an end portion- The 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion, The tubular member preferably includes a catching member at an end 
portion far slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is (tillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 

30 second tabular member off of the mandrel into engagement with the first tubular 
member* The pressurizing of the portion of the mterior region of the second 
tubular member is pre&rabry provided at ope^ 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap b etween the first and second tubular members. The method 
6 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandreL The method ftirther preferably 
includes absorbing shock. 

Aimer for uaemereatinga new 
10 formation adjacent to an already existing section of weHbore casing has been 
described that includes m annular member* Tha aramlar member indu dea one or 
more sealing members at an and portion ofthearijmlarmernber > andorieormore 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 ammlarbotyofaour^ 

process of extniding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular bocry of the cored fluidk sealing material is preferably formed by the 
20 process of injectmg a b^ 

region external of the tubular Knar. During the p ressurizing, thfr mtcrior portion 
of the tabular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 8,000 psi. The tubular liner preferabry 
25 overlap with antedating The wellbore casing preferabry further 

includes a seal posffionri 

wellbore casing. Tubular liner is preferabry supported the overlap with the 
existing wellbore casing. 

A method of repairing an printing section of a wellbore casing within a 
SO borehole has been described that include installinga tubular liner and a mandrel 
within the wellbore easing, ro jectroga body cf afl u im c mate ri al Into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 

a preferred embodiment, the fluidic material is sel ected from the group consisting 
of slag mix, cement! drilling mud, and epoxy. In a preferred embodiment, the 
method further fnrlndwi fluidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a prefe rre d embodiment, the 
injecting of the body of fluidic material ia provided at operating pressures and flow 
rates ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/mm. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatmgpressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fhiidicmatoial is injected below the man^ In 
a p re f erred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a |f rrf f rm l yw^™^ fo» «f th« tubular Kn«r below 
mandrel is pressurired to pressures ranging from about 500 to 9,000 pai. In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the gristing wellbare casing, In s preferred embodiment^ the method further 
includes sealing the interface between the tubular liner and the exist ing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further inchides testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
prefe rre d embodiment, method further includes lubricating the surface of the 
mandrel In a pre f erred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
mandrel upon the completion of the extruding. In a prefer re d embodiment, the 

25 method farther inchideff gF pfl"dfag the mandrel m a radial direction* 

A tie-back Kner for lining an existing wellbore casing has been described 
t hat includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extnidmg the tubular liner 
off of a mandrel The annular body of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embcdimeiit, the tubular liner 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular liner is fluodicfy isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psi. In a preferred embodiment,^ 
5 sealing malerial is fonned by the 
seating inaterial into an wxnnlarreg^ 

the tabular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the crrariap b^weem the tubuJ^ liner and the 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellborn casing. 

An apparatus far e xpandin g a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel la coupled to the 
15 support member. The mandrel includes a second fluid passage operahly coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member ia coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coring to thaseoond fluid 
20 exterior portion. The interior portion of the Bhoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Pi^erably, the mterior portion of the sh^ 

bearing member. Preferably, the load bearing member comprises a drillable body 
Preferably, the exterior portion of the mandrel comprises an expansion cone, 
Preferahty.the expansion cone is fabr^ 

amsistingoftoolsteeL titanic Preferahh/, the expansion cone has 

a surface harohieMrangmgr^ Preferably at least a 

portion of the apparatus in drillable. 

Although illustratrroembodin^ 
described, a wide range of modifimHon. chan gws and substitution <«/™.*«m r HH 
in the foregoing disclosure. In Borne instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
According, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iiyecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially ex p a nding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandre l 

12, A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already erisiing 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an fli rowfay region 

10 between the tubular Knar and the new section of the borehole; 

11 flnidkfr isolating the anmito re 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

18 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity ofthe seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidk sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable lluidic sealing 

27 material; and 

28 removing at feast a portion ofthe cured fluidk hardenable sealing nmterW 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, comprising: 

2 a support member, the sm^jort member m 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a thirds 

7 wherein the first, second and third fluid passages are operab ly coupled. 

1 4, An apparatus for expanding a tubular member, comprismg: 

2 a support member, the support member in clu di ng : 

5 a first fluid passage; 

4 a second fluid passage; and 

6 a flow control valve coupled to tb* fu^ and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel ir^hiriing a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 ' one or more sealing elements; 

11 a shoe coupled to the tubular member, the shoe in c l uding : 

12 a fourth fluid passage coupled to the third fmM passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

14 oiie or more exhatist passages couple 

15 injecting fluidic materia] outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region erf the tubular member. 

1 5. A method of joining a aecond tubular member to a first tubular member, the 

2 first tubular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular member; 

7 and 

8 extruding the aecond tubular member off of fee mandrel into en gag ement 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an. flntvnittT member, the nT| Tmlar member including ; 

3 one or more sealing members at an end portion of the *tvrm1»r 

4 member, and 

5 one or more pressure relief passages at an end portion of the annular 
8 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 eattrudingthe tubular Knar off of a mandrel; and 

4 an annular body of a cured fluidte sealing material coupled to the tubular 

5 liner. 

1 8* A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubnlar liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the father Bner ofTttf a wn ^^ p ^i ; 

4 an annular body of a cured fluidk sealing material coupled to the tubular 

5 liner. 



An apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operabry coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an expendible tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable* 
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